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Notices ‘ ' 7 :
' {1) There are 8 question and answer sheets including a front sheet.
(2) Fillinyour applicant number in the specified positions in this cover and each question and answer sheet.
(3) This examination booklet consists of question sheets and answer sheets. Answer the questions in the specified positior.
(4) Ifthe space is exbansted, use the reverse 51de of the sheet and write down “to be continued” on the last line of the sheet
(5) Answer ali the questions,
(6) Raise your hand if you have any questions.
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FRE | (Problem I) 1 OFHUI 245 Y $9 (two sheets for Problern 1) L
1—1. ROFHETEL LR, BB TELL, £8RE3RE L, (Which compound in each pair would
be more acidic? Answer with the compound number. Expla'm the reason briefly.) : '

(a) S0 o OH
HyC— CHJ\OH Hac CH OH _ @ © © @
F

I 11 . Y,
25 | . I ©
Number '

| HH

Reason

I No2

12 370® 1.7 BTN 1T eerasis _J:bf\ﬁ% JJ/H‘;’J%??/%EL& ZDEHEFR
e L, (3-Bromo- 1-propene (ally] bromide) forms a carbocation readily compared with 1- bromop: opane. Explam this observation.)

1— 3. ROETELND AN Z2 T I, %h%h@éﬁmﬁx %ﬂé)ﬁfﬁ%ﬁ% le SN2, El E7ITED) ’ET
Y, 7EEL, SHEESERESR uzc< TRV,

(Give the product that you would expect to be formed in each of the: fol]owmg reactions. In each case gjve the mechanism {Sn1, Sn2,
1, or E2). Neglect sterecisomer.) '

CH,O™ £BUC™

. b . -
(@) CH3CH,CH, — A (major) + B {minor) ®) CH3CH,CHoBr ——————~ € (major) + D (minor)
: CH,OH, 50°C , +BuCH, 50C

CHs

(c) CaH:0" i
CoHs Br ———eee E{major) + F (minor)-
: CzHsOH, 70°C
3

A - B C ' ‘D E. F

Product

Miechanism

—
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HIRE 1 (Problem 1) % {(Continued)

1=4. @ 17 FNaAFRL T TG DU RE b T ABMEENENICONT, 2 FBEO TR
A& LTET, (Wiite stractaral formulas as chemical | equilibriumn for each of the two chair conformations of cis- and
trons--+butyl-4-methyicyciohexanes) ‘

CI5180ImeYr . . : ‘ | transisomer

0) P RBEMAEIZBNT, :o@ﬁ{@ﬂ@i%ﬁf% B2 b LS TRTEE S DAEEDS ERUGRAT L, (Ar

these lx_ivo conforrnations equivalentin cis isomer, If not, which would be more siable in each isormer? Explain this observarion.)

© AL T ABIET Y BAEEED, Bl BB L, (Which isomer would be more stble? Explain this observation.)

P

L =5, ROKGOLEBEPOBEESEFRY L, LEIOS U TUEERB IO MES L ZETs 7 b,
- {Draw the chermnical structural formulas of the major organic products obtained in the following reactions. The regioselectivity and/or
sterecchermnical configuration should be taken into consideration in some cases.)

(a} @ SN LY Br;
cc, :

H;0 (excess)

0
- (¢)
CHj NH;NH» KOH |
: ' ' A ' .
0 ‘ .
(@) | -
| H NHg, Hp, Ni /O/)fBuMgBr Et,0
. | (&) |
® CHpCH,COCHS; ' . 5
. CQ p-Toluenssulfonic acid @ oo AlCI5
_ . , !
0 : Hy G
0
o) |
s) / \
CH3 + ('-lJ " - ‘
H ™ N |




R 2T E 10 B, TFRL28 F4 A AZE (October 2015 and April 2016 Admission)
BRI LR SR (AR SR B AR
Graduate School of Engeering (Master’s Programs)}, Hiroshirna University
Enfrance Examination Booklet (General Selection)

HEREE. FE)%“H:% EFEEED | | 5 % PR R M
Subject Applied Chemistry I Major Applie'd Chemistry Applicant Number

fIRE 2 (Problem 2 REREFR#R i 2445 Y -7 (two sheets for Probleri 2)

L ﬁ(@?‘ﬁﬂllﬁ@{ lﬁ%@q‘ﬂ#’“bﬁ@%ﬁ% Fﬁb\fk
05 HLOEERUEEEMICEDY, (Answer the questions by
selecting the correct chemical species from the contbinations
given in parentheses. The correct chemical species should be
givenin the teble below:)

O (MoS,, CACl, Cafh) E«Hiﬁl_ftﬁb\%g (Which
- does not have a layered stuctre?)

@ (B, AL 8) ERBRIEEDOHRL/INEVIEEE (Which has
the lowest electronegauwty'?) ‘

@ Mg*, Ca¥, AP FEDFEHAE VA (Which
has the largest ionic radius?) 7

" @ (NeBr, MgBrz, AlBry) BLEOE B WE (Which has

the lowest melting point?) - ‘

® ENOS) %é%%uﬁ@%%dééwxﬁ
nas the smallest electron affinity?)

B (O, 07, OF7) EBMEDLETE (Which is
diamegnetic?)

(Which

@ (05, O, NOY ,fi/\ﬁﬁ%%f@ﬁ%m\ YF (Which has

the shortest bond length?) _

® (BaNOsh, Mg(NOsh, AINOs)) KHETELEMET
E  (Which shows the highest acidity in water?)”

@ Na, Mg, S1) F—A A AT RAF D KED
ST3E  (Which has the highest first ionization energy?)

W@ Mnt, Fe¥'; Cu?') NEAHEA TRA L RED & &
YT T DIEHETRT A 0 (Which ion shows a
Jahn-Teller distortion in an octahedral high spin configuration?)
@ (BaCh, CaCh, CdCh) RLRDR B \%’fﬁ {Which has
the lowest melting point?)

@ (2, Mo, Fe) BA v D \EAIRRT LT JE
R LT R X —(CFSE) TR b RE e h %
%7"54 % (In an octzhedral high spin configuration, which
~ ion can be more stabilized by obfaining a crystal ﬁ&ld
stabilization energy (CFSE)?)

© (asOn 1, Li) KRR A

(Which has the highest solubility in wafer?)
@ (KePtFs, NaCh, AuCl £ HiL Tl Wi
. an unknown compound?)

(Whlch is

JEHEFRD—ED (a part of periodic table of the elernents)

@ TaCuOs LigNigO, 7i0y) FbEWE \EE' fﬁ%&#—%.’ﬂ‘ -

HHE (Which shows the highest electronic conductivity?)
(Lil, RbAgils, Calh) IR TR LB RS

RTHYE (Which shows the highest jonic conductivity at
© 100N temperature?)
@ (MeCOs, CaCOs, BaCOy) 4

PSHBE S b T
(Which has the highest decomposition temperature?) '
(0, CHy, Os) f&Aia b EV 45f (Which hes
the largest bond angle?)

B (HPOs, HPOL™) BB DS B%fri (Whl{)h has a

higher acidity?)
@ (La¥, Ce*, Pr) HEDOEL ﬁc%bv‘ zh/ (Whlch has
the lalgest ionic radlus'?)

AEH (Answers)

0C JoeTo @&
® @ ® @
B ® ® @ ®
D ®

MNa | Mg ‘ Al

Si

<

K {Ca|Se|T CrMn_FaCoNl_CuZnGa

Rb{& | Y |ZriNb| M B R Y-S e

. ﬂ:’%tﬁﬂ@ﬁ@ﬁﬁ%ﬁ%ﬁéﬂf@——o X HtE

TIPS B, SBOMEL - EF s L —
DR E T OBEAT-O>WTHEICHAT X, ay
photoeleciron. spectroscopy {(XPS) is a method usable for
determination of oxidation states of metal ions in 'campounds.
Describe the comelation between the oxidation states and the
binding energies of photoelecirons, and explain ifs reasons
briefly)
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RS 2 (Problem2) 5% (Continved)
3, RO TETNEA Ao DA SRR, (Di’fiwﬂle

Lewis structure of the following molecule and 1_011.)

O3 ' ' : I3~

4. VSEPR BERg% MV VOIRDA A OSHEEh e
Lo FEEEE T BERT DL, Predict the geomefrdc
shape of the following meleciile and jon using the VSEPR. -
theory. Indicate lone pair(s) in the stractire.) -

PFs SN (Ch

5 Mgi i*ﬁ IR T8 & B,
03211, c=0.521 o T D, | _
(Mg adopts hexagonal close packing structure with lattice
' constants of a=0.32] nmand ¢ = 0.521 i) _

1) Mg DENTAEF %5, (Draw the unit cell of Mg)

e

2) (U0, (OB £ EhB R L,
(Celeulate the inter-plane distances for (110) plane and (002)
plene.)

3)CuKe (FHK 0154 nm) %ﬁﬁwf:@%a%@%ﬁixﬁ '

EHTEEIE TS & &, CODEITHET BEHOT S v
4 6 FEHE ., (When X-ray powder diffraction of Mg is
measured by using Cu Ka mdiation (wavelength 0,154 nm),
calculate the Bragg angle & for the diffraction oonespondmg o
(002) plane.)

6. WOEFFHIIEY, Exolain the following terms.
1) [EAERAEE (solid electrolyte)

2) BRDT =V TF AT (F enﬁ energ)f of me‘ral-)
3) ez s (chemical vapor transport)

111)’ 4%‘?#:1‘—?\;’?/1/,3?‘““' Gatﬁcg ;‘.nelgly)

5) LT b?zix: =7 (stabilized zi%conja) |

6) ﬁfbi’if*%%@(ﬁ&ﬁ,@[ | (systermatic absence for

face-centered cubic laftice)
7) A A HEE (fonic radius)

8) 7L VRME (Frenkel defect)
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[GRR 3 (Problem3) [wREAERRIS 3805 0 E+ (fheee sheets for Problem 3)

1. BUREACEITS @(U) TR L, (Explain the foﬂowmg terms related to thennodynanucs clearly)
1} F bR 7 OER] (Kirchhoil™s law)
2) BRSO RGNS (maximum efficiency of heat engine)
3} BET PSRz (BET adsorption equation)
4) —AYEE (colligative property) '
5) FEELRET (activity coefficient)

2. EFEEEC, LTEREEE CVODFﬁ’ﬁ G- Cp= aszfqyjﬂ D30, TIT, allENEERTHY a=@VaN/V &
e, #{Mﬁwm :mn VgV L FEE SN D, ZOBRRICHET ALTORNIE R S, 1) ENEEE
ROABEITVBTRE S MR SO L O ITREND DY 2) TEEHT LT G- cy%pﬂéﬁ; 3) \Bohi
BRADATREFE, 4) KOTNFRL4C Tivhead, ZORBCRNT, ETiEs EEFELNT

& TR (There is a relationship, Cp- Cy= QQTWKT, between a heat capacity at constant pressure, C, and aheaI capacﬁy at constant
volume, C, where ardenotes a thenmal expansion coefficient defined by a={0V/D T/ V and xris an isothermal compreSSIbﬂlty defined
by xr=—(GVIop)rV. Answer he following questions related to this relationship. 1) When the system is a perfect gas, how cand xrare
described? 2) Caleulate C, - Cy for a perfect ges. 3) Describe the name of this relationship for a perfect gas. 4) The molar volume of
water is minimel at 4 °C. Explain the reason why Cp and Cy of water are equal to each other at 4 °C., )
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AREE3 (Problem3) FrE(Continued)

3. -10°C THELARVREIEE 2 Vv, TF L U oW CH,OM), 27K Lkg W25 ALIEINZ - 6 Kv vy,
735, FKOEHE M TTEHGT 1853 Kigmol! 7975, ' '
(We want to prepare an anti-freezing fluid which does not freeze even at -10 °C. Caleulate the weight of ethylene glyeel (CHOH), 1o
be added into 1 kg of water, where the fieezing-poin constant of water is 1.853 K kg mol™.) '

4. T HEKEOSER OH - Hh+h) OEERE, S&% o 05 & HED 1 K, EREAEC D &

HIED O E 725, FOHA% Langmuir W& BV THIREL,
(The rate equation: of HI decomposition reaction (ZHI—Ih+1L) isthe tirstorder for the pressure of HI over Pt catalyst, while the

zero-order over Au catalyst. Explain the reason for the difference in the reaction order by using the Langmuir equation.)
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ﬁﬁ%3 (Problem 3) %7 (Continued)

5. l,LT@F';ﬁb &z L, (Answer the followmg questions.)
D =F Ay FORGRESUE S LT, RO LD LRIGEERERE SO S, -Cl & FRCOCH- zﬁz‘ﬁﬁfﬂu
ATEF LT, diproduct)ds BT F Lo ROBEED 1 ¥k Clh B 7 & %R, (The mechanism for the therral decomposition
of ethylene oxide is proposed as follows. Show that the rate law, d[product]/A, is the first-order for efhylene oxide concentration on the
basis of the steady-state apprommahon for the concentrations of -Ci; and FRCOCH-. ) ‘

HCOCH @) e BCOCH (@ + H (@)

ECOCH (0) 2 Oy + CO)

CHy(g) + COCH:(g) % HCOCH (g) + CHi(®)

CHig) + FCOCH (@) S product

%) LUFORICIT, S A L IR0 B S0 C 2T 5 GEET s, ko) A OUHBEES AL
0), B BEUC OVHRE LB =[CL=0 L 75 L &, B OREZFEM OB LTI, £, ARORELBYC] |
4 s b ke EEo TR, (Consider. the following reaction in which the reactant A can form two products, B and C, following the
first-order kinetics for [A] (rate constans, kg and k). Express the concentration of B as a fimetion of # using the initial conditions [A] 7
0 and [Blo=[C]o=0. Also express the ratio of product concentrations, [B)/[C], using kp and kc.)

k
g <2 4k, .




